Rationale In humans, exposure to environmental contexts previously associated with heroin intake can provoke relapse to drug use. In rats, exposure to heroin-associated contexts after extinction of drug-reinforced responding in different contexts reinstates heroin seeking. This effect is attenuated by blockade of D 1 -family receptors in lateral or medial accumbens shell, but not accumbens core. Objectives In this study, we further characterized the role of striatal D 1 -family receptors in context-induced reinstatement by assessing the effect of dorsolateral or dorsomedial injections of the D 1 -family receptor antagonist SCH 23390 on this reinstatement. Materials and methods Rats were trained to self-administer heroin (0.05-0.10 mg/kg per infusion) for 12 days; drug infusions were paired with a discrete tone-light cue. Subsequently, heroin-reinforced lever pressing was extinguished in the presence of the discrete cue in a nondrug context. During reinstatement tests under extinction conditions, the D 1 -family receptor antagonist SCH 23390 (0.3-1.0µg per side) was injected into the dorsolateral or dorsomedial striatum prior to exposure to heroin self-administration context or the nondrug (extinction) context. We then used a disconnection procedure to examine whether D 1 -family receptors in the dorsolateral striatum and lateral accumbens shell jointly or independently support context-induced reinstatement. Results Dorsolateral but not dorsomedial SCH 23390 injections attenuated context-induced reinstatement of heroin seeking. SCH 23390 injections into the dorsolateral striatum of one hemisphere and lateral accumbens shell of the other hemisphere were ineffective. Conclusions Results indicate that dorsolateral striatum D 1 -family dopamine receptors are critical for context-induced reinstatement of heroin seeking. Results also suggest that D 1 -receptor-mediated dopamine transmission in the dorsolateral striatum and lateral accumbens shell independently support this reinstatement.
Introduction
Environments previously associated with opiate intake can provoke drug relapse during abstinence (O'Brien et al. 1992; Wikler 1973) . Despite this evidence, the role of the drug environment (context) in drug relapse in preclinical models has until recently been largely ignored (Crombag et al. 2008) . In recent years, we adapted an ABA renewal procedure (Bouton and Bolles 1979) to study the role of the drug environmental context in the reinstatement of drug seeking . In this procedure, rats are first trained to selfadminister drugs in one context (A) where drug infusions are paired with explicit discrete drug cues (e.g., light, tone). Drug-reinforced lever responding is then extinguished in the presence of the discrete drug cue in a different (nondrug) context (B). Subsequently, context-induced reinstatement of drug seeking is assessed by re-exposing rats to the drug-associated context (A). During testing, responding on the previously active lever leads to contingent presenta-tions of discrete drug cues, but not the drug. Using variations of this procedure, we and other authors found reliable contextinduced reinstatement of cocaine, heroin, alcohol, and nicotine seeking (Bossert et al. 2004; Diergaarde et al. 2008; Fletcher et al. 2008; Fuchs et al. 2005; Hamlin et al. 2008 Hamlin et al. , 2007 Marinelli et al. 2007; Zironi et al. 2006) .
In neuropharmacological studies, we identified a role of dopamine and glutamate transmission in the ventral tegmental area (VTA) and nucleus accumbens shell in context-induced reinstatement of heroin seeking: VTA or medial accumbens shell injections of LY379268 (a mGluR 2/3 agonist that decreases evoked glutamate release) or medial or lateral accumbens shell (but not accumbens core) injections of the D 1 -family receptor antagonist SCH 23390 attenuate this reinstatement (Bossert et al. 2004 (Bossert et al. , 2006 (Bossert et al. , 2007 . In the present study, we further characterized the role of striatal D 1 -family receptors in context-induced reinstatement by assessing the effect of dorsolateral or dorsomedial injections of the D 1 -family receptor antagonist SCH 23390. Our investigation was inspired by the recent findings of Rogers et al. (2008) who reported that reversible inactivation of dorsolateral striatum attenuates discrete cueand heroin priming-induced reinstatement of heroin seeking. Additionally, reversible inactivation or dopamine receptor blockade of the dorsolateral striatum attenuates context-and discrete cue-induced reinstatement of cocaine seeking (Fuchs et al. 2006; See et al. 2007 ) and discrete cue-induced cocaine seeking as assessed in the secondorder reinforcement schedule (Belin and Everitt 2008; Di Ciano et al. 2008; Vanderschuren et al. 2005) .
We found that SCH 23390 injections into the dorsolateral (but not dorsomedial) striatum attenuated context-induced reinstatement of heroin seeking. We previously reported that SCH 23390 injections into the accumbens shell also attenuated this reinstatement (Bossert et al. 2007 ). Thus, we used an intrastriatal disconnection procedure (see below) to ask whether D 1 -receptor mediated dopamine transmission in the accumbens lateral shell and dorsal striatum jointly (i.e., via a serial connection) or independently control context-induced reinstatement. This experiment was inspired by studies of Belin and Everitt (2008) , Haber et al. (2000) , and Ikemoto (2007) that are discussed below. Belin and Everitt (2008) used an intrastriatal disconnection procedure and a second-order reinforcement schedule to study whether a serial anatomical connection between the accumbens and dorsal striatum mediates cue-induced cocaine seeking. In the disconnection procedure, the role a putative serial neuronal pathway plays in a given behavior is inferred from the observation that lesion (permanent or reversible) or receptor blockade of one brain site in one hemisphere together with lesion/receptor blockade of a second brain site in the contralateral (but not ipsilateral) hemisphere disrupts the behavior of interest (Gaffan et al. 1993; Parkinson et al. 2000; Setlow et al. 2002) . Belin and Everitt (2008) reported that unilateral blockade of dopamine receptors in the dorsolateral striatum combined with unilateral excitotoxic lesion in the contralateral accumbens core decreases cocaine seeking. They concluded that their findings support the notion of ventral-to-dorsal striatum "spiraling" connection-the anatomical link between the accumbens and dorsal striatum via descending projections to the VTA and substantia nigra and ascending mesoaccumbens and nigrostriatal dopamine projections (Groenewegen and Russchen 1984; Haber et al. 2000; Heimer et al. 1991; Ikemoto 2007; Nauta et al. 1978; Somogyi et al. 1981; Zahm 2000) . The spiral anatomical connectivity typically refers to the following: the posteriomedial VTA projects to the medial accumbens shell which projects back to the posteriomedial VTA and lateral VTA, the lateral VTA projects to the lateral shell and accumbens core, which project back to both lateral VTA and substantia nigra compacta, and the substantia nigra compacta projects to the dorsal striatum (Haber et al. 2000; Ikemoto 2007 ). Regarding the lateral shell, however, results from anatomical studies indicate that it can also connect with the dorsal striatum without the "spiral" connectivity involvement of the core. Thus, some ventrolateral shell neurons project directly to the substantia nigra compacta (Usuda et al. 1998; Zahm and Heimer 1990 ), which in turn projects to the dorsal striatum. Additionally, ventrolateral shell neurons project to the ventrolateral portion of the ventral pallidum, which in turn projects to the substantia nigra (Usuda et al. 1998; Zahm and Heimer 1990) .
Finally, we examined the effect of dorsolateral injections of MK 212 (a 5-HT 2C agonist) on context-induced reinstatement of heroin seeking. Although most commonly used as a dopamine D 1 -family receptor antagonist, SCH 23390 also acts as an agonist at serotonin 5-HT 2C (formerly 5-HT 1C ) receptors (Briggs et al. 1991; Millan et al. 2001; Taylor et al. 1991) . Furthermore, investigation of the receptor mechanisms of SCH 23390 in our experiments is of interest because Fletcher et al. (2008) reported that systemic injections of the 5-HT 2C receptor agonist Ro 60-0175 decrease context-induced reinstatement of cocaine seeking.
Materials and methods

Subjects
Male Long-Evans rats (total n = 173; Charles River, Raleigh, NC, USA), weighing 350-450 g, were used. After surgery, the rats were housed individually in the animal facility under a reverse 12-h light-dark cycle (lights off at 9 A.M.). Food and water were freely available in the rats' home cages throughout the experiment. Experimental procedures followed the guidelines of the "Principles of Laboratory Animal Care" (NIH publication no. 86-23, 1996) . Fifty-two rats were excluded due to catheter problems (n=15), failure to learn to self-administer heroin (n=2), poor health (n=15), misplaced or blocked cannulae (n=10), technical problems (n=2), or failure to meet an extinction criterion of less than 25 responses per 3 h over 3 days after 20 extinction days (n=8).
Intracranial and intravenous surgery
Rats were anesthetized with sodium pentobarbital and chloral hydrate (60 and 25 mg/kg, i.p., respectively), and permanent guide cannulae (23-gauge; Plastics One, Roanoke, VA, USA) were implanted bilaterally 1 mm dorsal to the dorsolateral striatum or dorsomedial striatum or unilaterally 1 mm dorsal to the dorsolateral striatum and 1 mm dorsal to the lateral accumbens shell in the contralateral hemisphere (experiment 3) using stereotaxic coordinates (Paxinos and Watson 2005) that are based on our previous work (Bossert et al. 2007 ) and previous reports (Belin and Everitt 2008; Fuchs et al. 2006; Vanderschuren et al. 2005) . The coordinates for the lateral accumbens shell were AP +2.0 mm, ML ±2.6 mm, and DV −7.2 mm (4°angle), for the dorsolateral striatum were AP +1.2 mm, ML ±3.3 mm, and DV −4.3 mm (2°angle), and for the dorsomedial striatum were AP +1.2 mm, ML ±2.4 mm, and DV −4.3 mm (10°angle). Following cannulae implantation, silastic catheters were inserted into the jugular vein, as described previously (Shaham et al. 1996; Shalev et al. 2001) . The catheters were attached to a modified 22-gauge cannula and mounted to the rats' skulls with dental cement. Buprenorphine (0.1 mg/kg, s.c.) was given after surgery to relieve pain and rats were allowed to recover for 7-10 days before heroin self-administration training. During the recovery and training phases, catheters were flushed every 24-48 h with gentamicin (0.08 mg/mL) and sterile saline.
Intracranial injections
SCH 23390 hydrochloride and MK 212 hydrochloride (Tocris, Ellisville, MO, USA) were dissolved in sterile saline and injected 5-10 min prior to testing. Doses of SCH 23390 hydrochloride (0.3, 0.6, or 1.0µg/0.5µL per side) and MK 212 hydrochloride (0.1µg/0.5µL per side) are based on previous studies (Bossert et al. 2007; Filip and Cunningham 2003; Ramos et al. 2005) . Intracranial injections were made using a syringe pump (Harvard Apparatus, Holliston, MA, USA) connected to 10-µL Hamilton syringes that were attached via polyethylene-50 tubing to 30-gauge injectors. SCH 23390, MK 212, and vehicle (saline) injections were made over 1 min and the injectors were left in place for 1 min. After testing, the rats were deeply anesthetized, decapitated, and the brains were removed and stored in formalin. Coronal sections (40-50µm) were sliced on a cryostat and stained with cresyl violet. The brains were then verified for cannulae placement under a microscope. These placements are presented in Fig. 1 .
Apparatus
The rats were trained and tested in standard Med Associates operant conditioning chambers. Each chamber was equipped with two levers located 9 cm above the grid floor. Lever presses on the active retractable lever activated the infusion pump, whereas lever presses on the inactive nonretractable lever had no programmed consequences. The two contexts differed from each other in their auditory, visual, tactile, and circadian (i.e., morning [session onset at 9 A.M.] vs. afternoon [session onset at 3 P.M.] sessions) cues using procedures identical to those described in Bossert et al. (2004 Bossert et al. ( , 2006 Bossert et al. ( , 2007 . The contexts are referred to as A and B whereby A is the heroin self-administration context and B is the extinction context. The physical environments that provided contexts A and B and circadian cues were counterbalanced.
Procedures
The experiments consisted of three phases: selfadministration training (12 days), extinction training (15-20 days), and tests for context-induced reinstatement of heroin seeking (2 days). The experimental sequence was context A (training)-context B (extinction)-contexts A and B (testing).
Heroin self-administration training and extinction
Rats were trained to self-administer heroin for 3 h/day for 12 days. Heroin (diacetylmorphine HCl; NIDA) was dissolved in sterile saline and infused at a volume of 65 µL over 2.3 s at a dose of 0.1 mg/kg per infusion (first six sessions) and 0.05 mg/kg per infusion (last six sessions). During training, heroin infusions were earned under a fixed ratio 1 (FR-1), 2.3-s timeout reinforcement schedule and were paired with a compound tone-light cue for 2.3 s. During the extinction phase that occurred in context B, responses on the previously active lever led to the presentation of the tone-light cue, but not heroin. Tests for reinstatement were conducted under extinction conditions (lever presses led to the presentation of the tone-light cue but not heroin) and started after a minimum of 15 daily extinction sessions when the rats met the extinction criterion. The different groups of rats that were subsequently injected intracranially with SCH 23390 or MK 212 were matched for their heroin intake and number of active lever presses during training and for the number of active lever presses during the extinction phase.
Experiment 1: Effect of dorsal striatum SCH 23390 injections on context-induced reinstatement
Eight groups of rats were used. Rats were injected with vehicle or one dose of SCH 23390 (0.3, 0.6, or 1.0µg per side/0.5 μL) into the dorsolateral (four groups; n=8-12 per group) and dorsomedial (four groups; n=8-12 per group) striatum. Each rat was tested twice with their assigned dose: once prior to exposure to context A (heroin context) and once prior to exposure to context B (extinction context). The order of testing in contexts A and B was counterbalanced and tests were separated by 48 h (rats remained in an animal housing room between tests).
Experiment 2: Effect of dorsal striatum injections of SCH 23390 on sucrose self-administration
We assessed the effect of dorsal striatum SCH 23390 injections on sucrose self-administration in heroinexperienced rats in order to rule out motor deficits or other nonspecific effects of these injections on reinstatement. Two days after the completion of experiment 1, 14 rats (six dorsolateral and eight dorsomedial) were food restricted to maintain 85-90% of their free-feeding weight (~20 g of food per day). Three days later, sucrose self-administration began and the rats were trained to lever press for 5% oral sucrose solution (FR-1 reinforcement schedule, 8 s timeout, 0.2 ml per reward delivery over 4 s) for 1 h/day as previously described (Bossert et al. 2006 (Bossert et al. , 2007 . After 5 days of training, food was available ad libitum and tests with SCH 23390 injections began when rats displayed stable lever presses (<10% variability over 2 days). Using a counterbalanced within-subjects design, we tested the effect of vehicle and SCH 23390 (1.0µg per side/0.5µL) into the dorsolateral and dorsomedial striatum on sucrose selfadministration. Injections were given every 48 h and a self-administration session (with no injections) was given between the two test sessions. Vehicle and SCH 23390 were injected bilaterally into the dorsolateral (n=6) and dorsomedial (n=8) striatum. Two groups of rats were used. The vehicle group (n=12) was injected with saline into the dorsolateral striatum of one hemisphere and lateral accumbens shell of the other hemisphere. The SCH 23390 group (n=11) was injected with the drug into the dorsolateral striatum of one hemisphere (1.0µg/0.5µL) and lateral accumbens shell (0.6µg/0.5µL) of the other hemisphere. Each rat was tested twice with their assigned dose: once prior to exposure to context A (heroin context) and once prior to exposure to context B (extinction context). The tests were separated by 48 h (rats remained in an animal housing room between tests). The order of testing in contexts A and B was counterbalanced and implantation of cannulae into either left or right hemisphere in the dorsolateral striatum and lateral accumbens shell was counterbalanced.
The unilateral dorsolateral striatum and lateral accumbens shell doses of SCH 23390 were 1.0 and 0.6µg, respectively, because these were the most effective doses in these sites after bilateral injections ( Fig. 3 ; Bossert et al. 2007 ).
Experiment 4: Effect of dorsal striatum MK 212 injections on context-induced reinstatement
Two groups of rats were used. Rats were injected with vehicle or MK 212 (0.1µg per side/0.5 μL) into the dorsolateral striatum (n=8-9 per group). Each rat was tested twice with their assigned dose: once prior to exposure to context A (heroin context) and once prior to exposure to context B (extinction context). The order of testing in contexts A and B was counterbalanced and tests were separated by 48 h (rats remained in an animal housing room between tests).
Statistical analyses
Data were analyzed with the statistical program SPSS (GLM procedure) and significant effects (p<0.05) were followed by Fisher's PLSD post hoc tests. Data from experiments 1, 3, and 4 were analyzed for total (nonreinforced) active and inactive lever presses. For the statistical analysis of experiments 1, 3, and 4, the between-subjects factor was SCH 23390 or MK 212 dose and the within-subjects factors were lever (active or inactive) and test context (heroin [A] or extinction [B] ). Data for the dorsolateral and dorsomedial striatum were analyzed separately. For the statistical analysis of experiment 2, the within-subjects factors were SCH 23390 dose and lever.
Results
Training and extinction Figure 2a shows the mean ± SEM number of heroin infusions and presses on the active and inactive levers for all rats (dorsolateral and dorsomedial striatum) tested in the reinstatement experiments (experiments 1, 3, and 4) . The rats demonstrated reliable heroin self-administration, as indicated by the increase in lever presses when the heroin dose was decreased from 0.1 to 0.05 mg/kg per infusion on training day7 (p<0.01). Figure 2b shows the mean ± SEM number of lever presses on the previously active and inactive levers during the first 12 extinction sessions for these rats. As expected, during the extinction phase, response rates decreased over time (p<0.01).
Experiment 1: Effect of dorsal striatum injections of SCH 23390 on context-induced reinstatement SCH 23390 injections into the dorsolateral but not dorsomedial striatum attenuated the reinstatement of active lever presses when rats were exposed to the heroin (training) context after extinction in a different (nondrug) context (Fig. 3) . SCH 23390 injections into either brain area had no effect on active lever presses in the extinction context.
Dorsolateral striatum
The statistical analysis (n=8-12 per dose) revealed significant effects of test context (F 1,34 =64.5, p<0.01), lever (F 1,34 =35.9, p<0.01), SCH 23390 dose by test context (F 3,34 =5.0, p<0.01), lever by test context (F 1,34 =38.9, p< 0.01), and SCH 23390 dose by lever by test context (F 3,34 = 4.4, p<0.01; Fig. 3a left panel) . For inactive lever presses, the statistical analyses revealed a significant effect only for test context (F 1,34 =10.9, p<0.01); no other effects were significant (Fig. 3b) . Analysis of the time course of active lever presses in the heroin context revealed significant effects of session time (F 2,68 =31.4, p<0.01), SCH 23390 dose (F 3,34 =3.4, p<0.05), and session time by SCH 23390 dose (F 6,68 =2.5, p<0.05; Fig. 3c ).
Dorsomedial striatum
The statistical analysis (n =8-12 per dose) revealed significant effects of test context (F 1,39 =59.4, p<0.01), lever (F 1,39 =41.5, p<0.01), and lever by test context (F 1,39 =43.8, p<0.01), but not of SCH 23390 dose or interaction between SCH 23390 dose and the other factors (p>0.05; Fig. 3a right panel) . For inactive lever presses, the statistical analyses revealed a significant effect only for test context (F 1,39 =5.6, p<0.01); no other effects were significant (Fig. 3b) . Analysis of the time course of active lever presses in the heroin context revealed significant effects of session time (F 2,78 =74.0, p<0.01), but not of SCH 23390 dose or session time by SCH 23390 dose (p>0.05; Fig. 3c ).
Experiment 2: Effect of dorsolateral and dorsomedial striatum SCH 23390 injections on sucrose self-administration SCH 23390 injections (1.0µg per side/0.5 μL) into the dorsolateral or dorsomedial striatum had no effect on sucrose self-administration (p>0.05). The mean ± SEM number of responses on the active lever for rats injected with vehicle or SCH 23390 into the dorsolateral striatum was 103±12 and 114±9, respectively. The mean ± SEM number of responses on the active lever for rats injected with vehicle or SCH 23390 into the dorsomedial striatum was 140±14 and 133±19, respectively.
Experiment 3: Effect of SCH 23390 injections into dorsolateral striatum of one hemisphere and lateral accumbens shell of the other hemisphere Unilateral SCH 23390 injections into the dorsolateral striatum (1.0µg/0.5µL) contralateral to unilateral SCH 23390 injections into the lateral accumbens shell (0.6µg/0.5µL) had no effect on reinstatement of active lever presses when rats were exposed to the heroin (training) context after extinction in a different (nondrug) context (Fig. 4a) . The statistical analysis (n=11-12 per dose) revealed significant effects of test context (F 1,21 =40.0, p<0.01), lever (F 1,21 =28.5, p<0.01), and lever by test context (F 1,21 =28.1, p<0.01), but not of SCH 23390 dose or interactions between SCH 23390 dose and the other factors (p>0.05). There were no significant effects for inactive lever presses (Fig. 4b) . Analysis of the time course of active lever presses in the heroin context revealed significant effects of session time ( Experiment 4: Effect of dorsolateral striatum injections of MK 212 on context-induced reinstatement MK 212 injections into the dorsolateral striatum (0.1µg/ 0.5µL) had no effect on reinstatement of active lever presses when rats were exposed to the heroin (training) context after extinction in a different (nondrug) context (Fig. 5a ). The statistical analysis (n=8-9 per dose) revealed significant effects of test context (F 1,15 =40.6, p<0.01), lever (F 1,15 = 28.8, p<0.01), and lever by test context (F 1,15 =27.0, p< 0.01), but not of MK 212 dose or interactions between MK 212 dose and the other factors(p>0.05). There were no significant group effects for inactive lever presses (Fig. 5b) . Analysis of the time course of active lever presses in the heroin context revealed significant effects of session time (F 2,30 =25.7, p<0.01), but not of MK 212 dose or session time by MK 212 dose (p>0.05; Fig. 5c ).
Discussion
We found that blockade of dorsolateral but not dorsomedial striatum D 1 -family receptors with SCH 23390 attenuated context-induced reinstatement of heroin seeking. This finding indicates a critical role of D 1 -receptor-mediated dopamine transmission in the dorsolateral striatum in this reinstatement. Additionally, using an intrastriatal disconnection procedure (Belin and Everitt 2008) , we found that SCH 23390 injections into the dorsolateral striatum of one hemisphere and lateral accumbens shell of the other hemisphere had no effect on context-induced reinstatement. This finding suggests that D 1 -receptor-mediated dopamine transmission in the dorsolateral striatum and lateral accumbens shell independently control this reinstatement. Finally, we found that dorsolateral striatum injections of the 5-HT 2C
Active lever Inactive lever injections into the dorsolateral striatum prior to exposure to the heroin or the extinction context. b Inactive lever: mean ± SEM number of presses on the inactive lever during testing. c Time course-active lever: mean ± SEM number of presses on the active lever at each hour over the 3-h tests after vehicle or MK 212 injections prior to exposure to the heroin context receptor agonist MK 212 had no effect on contextinduced reinstatement of heroin seeking. This finding suggests that, under our experimental conditions, SCH 23390 behavioral effects are not mediated by 5-HT 2C receptors.
Methodological considerations
There are several methodological considerations that should be taken into account in the interpretation of the present data. First, the dopamine projection from the substantia nigra to the dorsal striatum plays an important role in motor performance (Ungerstedt 1968) . Thus, the effects of dorsolateral striatum SCH 23390 injections on context-induced reinstatement may be due to motor deficits. However, this possibility is unlikely because, in heroin-experienced rats, the highest SCH 23390 dose (1.0µg per side) had no effect on high rates of lever presses for oral sucrose. Second, results from studies in which SCH 23390 is injected intracranially to identify a role of a specific brain site in behavior should be interpreted with caution because SCH 23390 is a lipophilic drug that rapidly diffuses away from the injection site (Caine et al. 1995) . However, the fact that dorsomedial striatum SCH 23390 injections (~0.9-1.0 mm medial to dorsolateral striatum) were ineffective suggests that the drug effect on contextinduced reinstatement is mediated by D 1 -family receptors in dorsolateral striatum.
Third, a potential methodological issue in experiment 4 is the use of a single dose of MK 212. However, the dose we used (0.1µg per side) is similar or 20 times higher than the MK 212 doses found effective in reversing cocaine-or MDMA-induced locomotion after prefrontal cortex injections, respectively (Filip and Cunningham 2003; Ramos et al. 2005) . Thus, while the results of our single-dose experiment do not rule out a potential role of 5-HT 2C receptors in the dorsal striatum in context-induced reinstatement, these results indicates that it is unlikely that the effect of SCH 23390 on this reinstatement is due to its effect on 5-HT 2C receptors.
Finally, the negative results in experiment 3 (intrastriatal disconnection) should be interpreted with caution because accumbens shell SCH 23390 injections were localized to the lateral shell, leaving the medial shell in both hemispheres intact and thus able to support behavior. As mentioned before, either medial or lateral accumbens shell SCH 23390 injections block context-induced reinstatement (Bossert et al. 2007 ). Thus, while our data suggest that D 1 -receptor-mediated dopamine transmission in the dorsolateral striatum and accumbens shell independently supports context-induced reinstatement, our negative findings could reflect incomplete D 1 -family receptor blockade in the accumbens shell. Does D 1 -receptor-mediated dopamine transmission in the dorsolateral striatum and lateral accumbens shell independently or jointly support context-induced reinstatement?
We found that blockade of dopamine D 1 -family receptors in either dorsolateral striatum (Fig. 3) or medial or lateral accumbens shell (Bossert et al. 2007 ) attenuates contextinduced reinstatement of heroin seeking. Based on these data, we used an intrastriatal disconnection procedure (Belin and Everitt 2008) to study whether D 1 -receptormediated dopamine transmission in dorsolateral striatum and accumbens shell is part of a serial connection that supports context-induced reinstatement. As mentioned in the introduction, this was inspired by previous work on the ventral-to-dorsal spiraling connection-the anatomical link between the accumbens and dorsal striatum via descending projections to midbrain dopamine neurons of the VTA and substantia nigra and ascending mesoaccumbens and nigrostriatal dopamine projections (Haber et al. 2000; Ikemoto 2007; Nauta et al. 1978; Somogyi et al. 1981) . Based on this anatomical connectivity, we assessed the role of D 1 -receptor-mediated dopamine transmission in the lateral accumbens shell because, from a spiral connectivity perspective, it is more proximal to the dorsal striatum. We found that unilateral injections of SCH 23390 into the dorsolateral striatum combined with unilateral SCH 23390 injections into the contralateral accumbens lateral shell were ineffective (Fig. 4) . Based on these negative findings, we did not assess the effect of ipsilateral SCH 23390 injections into these two brain areas. As most neuronal pathways are ipsilateral, lesioning or blocking receptors in ipsilateral brain areas should not affect behavior because the contralateral side is intact and compensates for the ipsilateral loss. Thus, ipsilateral manipulations are a critical control condition only when the contralateral disconnection manipulation is effective (Setlow et al. 2002) .
Our results do not support the hypothesis that ventral-todorsal striatum neuronal connectivity is critical for the normal expression of context-induced reinstatement heroin seeking. However, this conclusion should only be tentatively accepted for several reasons. First, as mentioned above, in our intrastriatal disconnection procedure, D 1 -receptor-mediated dopamine function remains intact in the medial accumbens shell, which is also critical for contextinduced reinstatement (Bossert et al. 2007 ). However, from a spiral connectivity perspective, it is unlikely that different results would have been obtained had we injected SCH 23390 into the medial accumbens shell because the spiral connections from the medial shell to the dorsal striatum pass through the accumbens lateral shell and core (Haber et al. 2000; Ikemoto 2007 ). Second, it is possible that the ventral-to-dorsal striatum neuronal connectivity in context-induced reinstatement occurs via activation of D 2 -family receptors, a contribution to dopamine neurotransmission that we did not assess in either accumbens shell or dorsal striatum. This is an empirical question for future research because we previously found that systemic injections of the D 2 -family receptor raclopride is as effective as SCH 23990 in attenuating context-induced reinstatement of cocaine seeking .
Conclusions
We found that blockade of D 1 -family receptors in the dorsolateral striatum attenuated context-induced reinstatement of heroin seeking. This finding extends previous reports on the important role of the dorsolateral striatum in discrete cue-and heroin priming-induced reinstatement (Rogers et al. 2008) , context-and discrete cue-induced reinstatement of cocaine seeking (Fuchs et al. 2006; See et al. 2007) , and discrete cue-induced cocaine seeking as assessed in the second-order reinforcement schedule (Belin and Everitt 2008; Di Ciano et al. 2008; Vanderschuren et al. 2005) . Our findings and these previous findings parallel those from studies in humans demonstrating that cue-induced heroin or cocaine craving is associated with increased dorsal striatum dopamine release (Volkow et al. 2006; Zijlstra et al. 2008 ) and neuronal activity in this brain region (Garavan et al. 2000) . This concordance across drug classes in humans and rats supports the view that dopamine transmission in the dorsal striatum is critically involved in drug craving and relapse (Belin et al. 2009; Everitt and Robbins 2005; White 1996) . We also found that unilateral injections of SCH 23390 into the dorsolateral striatum combined with unilateral SCH 23390 injections into the contralateral accumbens shell had no effect on context-induced reinstatement. As discussed above, despite several potential issues in interpreting these negative findings, these findings suggest that D 1 -receptor-mediated dopamine transmission in the accumbens shell and dorsolateral striatum independently control this reinstatement.
